Abstract: Wire erosion discharge machining is one of the non-traditional machining processes which use heat energy of spark to remove material from work piece. Process parameters have given the major influence of the cutting performance on wire EDM. Parameters such as pulse on time, peak current, wire diameter and discharge current are well known for their effect surface roughness and recast layer. The present work aimed to investigate the influence of: thickness, current and wire speed on the machining surface. The surface roughness and hardness have been analyzed assessed. It was conclude that surface roughness increase with the increase of thickness and current, and decrease when wire speed increase. Meanwhile, as work piece thickness increase, the surface hardness increase but it decreases when current and wire speed increases.
INTRODUCTION
Electrical discharge machining EDM is an unconventional machining process mainly used for hard materials. Basic EDM will have shaped tool (electrode) and the work piece, which connected to DC power supply and work piece placed in dielectric fluid. Since its innovation in late 1940s by the former Soviet Union scientist, to fulfill users demand many variation of this technique have been develop such as sinking EDM, EDM milling and also wire EDM [1] .
Compare to those techniques mention above, wire EDM most widely used because its allows higher precision machining, it can produce very complex shapes and at the same time fine, precise, free corrosion surface can be achieve [2] . But then just like other machining process, cutting performance including, surface integrity, surface roughness and recast layer become great concern to the user who used wire EDM. This is because due to evaporation and melting of material cause by sparks, a lot of craters produce at the surface which degradation of surface integrity might happen and result in poor surface finish [3] .
Wire EDM is a machining process whereby sparks initiated from the different in voltage between wire electrode and a conductive work piece which erode the work piece [4] . During the spark discharge, there is conversion between electrical energy to thermal energy, these thermal energy will melt and vaporize work piece. Normally deionized water used as dielectric medium to separate the work piece and also electrode [5] . As for wire material, copper and brass are the most widely used. Noted also, the wire EDM runs with the development of computer numerical control CNC [5] .
In most machining process, cutting parameter is a vital part of the process which determines the cutting performance. Cutting parameter like pulse on time, discharge energy, dielectric fluid and discharge current are well known parameter that will affect cutting performance such as surface roughness, recast layer and surface integrity. But then only a few researches have done regarding the effect of material thickness on wire EDM. Therefore, this study is conducted focusing on the influence of material thickness on the cutting performance of slot machining (wire EDM). In this research three parameters like material thickness, peak current and wire speed are varied and two output: surface roughness and work piece hardness. Many researchers used conventional methods to predict and II.
EXPERIMENT SET UP For conducting wire EDM machining material selection of the workpiece, electrode wire and dielectric fluids are imperative because different type of material selection will give different output of wire EDM machining. However, the material selected for this project is mild steel JS:8144 due to its abundant, cheap and strong compare to other material. EDM electrode material needs to have certain properties that easily allow charge and at the same time resist the erosion that might in the metal that its machines. For this experiment wire electrode use is brass with diameter 0.2mm which is an alloy of 65% copper and 35% zinc. Just like other process parameter, dielectric fluid has become one of the most essential process parameter in EDM machining. For this research, the dielectric fluids choose will be water based. The wire EDM machining operation are conducted on a wire EDM modelled MITSUBISHI W11FX2. Design of experiment (DOE) has been used to conduct the experiment of full factorial for there are three input factor (process parameters) have been selected for this experiment; factor 1 will be workpiece thickness as it is the main process parameter to be investigate on how it influence the outcome (respond) of the experiment, factor 2 will be current and factor 3 is wire speed [2] . Machine used for surface roughness test is Mitsutoyo Surface test SJ-400. The principle operation of this machine is by dragging the stylus across the desired machine surface as shown in figure 3.7. Noted that the machine connected to the computer result of the surface roughness display in the form of graph, example of parameter can be calculated by this machine are value of arithmetic average (Ra).
There are three main hardness measurements which are scratch, indentation and rebound. For this research, Rockwell test has been used with the unit of hardness dimensionless as the Rockwell can use different indenters and load. Finally, the Scanning electron microscope (SEM) has been conducted to evaluate the micro crack and the surface morphology.
III. RESULTS
For every specimen, the surface roughness and hardness test was done three times to gives some confident for the data collected and the data use for computing the result is the average data value.
The results show that the wire speed has a negative effect on hardness and positive effect on the surface roughness as shown in figure 1 However, increasing the current has a negative effect on both of the surface roughness and the surface hardness of the work piece as shown in figure 2. Finally the effect of the thickness was not significant on the hardness. In contrast increasing the thickness will increase the surface roughness as shown in figure 3. Artificial neural network method has been used to predict the surface roughness and surface hardness for the workpiece. JMP 11 software has been used to develop the neural network structure of three hidden layers. Figure 1 shows the number of the hidden and the output layers as well as the number of input factors and the output responds. The weights for the hidden layers are concluded in table 2 Adequacy of the neural network model has been obtained through comparison of the measured and the predicted values to determine the deviation between the theoretical and actual value that comes out from the model. The results show high accuracy with deviation of the results between the measured and the predicted values is equal to 0.77% for the surface roughness and 3.45% for the hardness result as shown in figure 5 and figure 6 respectively. As conclusion, material thickness is a significant process parameter that will affect the surface roughness and hardness after wire EDM process. The surface roughness and hardness increase when thickness increases. Meanwhile, increase in wire speed will cause both surface roughness and hardness to decrease. Finally increase in current leads to increase in surface roughness but decrease in surface hardness. Overall the objectives is successfully achieved
